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if) (54) Title: GRAFT-CATHETER VASCULAR ACCESS SYSTEM 

so 

^ (57) Abstract: A vascular access device, for implantation at least partially below the skin of a patient to provide an arteriovenous 
^ fistula, includes a graft portion coupled to a catheter portion. The graft portion is sutured to an opening in an artery while the catheter 
portion is inserted into a vein so that Us end lies within the vein downstream from the point of entry into the vein. The device may 
O be comprised of ePTFE with an outer polyurethane coating or the graft portion may comprise eFTFE with an outer polyurethane 
^ coating and the catheter portion may comprise polyurethane. There may also be an inner polyurethane coating. Alternatively, the 
P** device may be comprised entirely of polyurethane. 
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GRAFT-CATHETER VASCULAR ACCESS SYSTEM 
FIELD OF THE INVENTION 

5 The present invention relates to medical devices, and more particularly, to a device 

that provides an improved method for vascular access. 

DESCRIPTION OF RELATED ART 

10 Providing frequent, direct, vascular access has become a necessity for many 

medical procedures including hemodialysis, chemotherapy, various tests requiring frequent 
blood draws and treatments requiring frequent intravenous administration of drugs. Many 
vascular access devices have been developed to meet this need. Often the devices are 
permanently inserted into the patient, but such devices have experienced a variety of 

15 problems. For example, the arteriovenous shunt includes a length of silicone rubber tubing 
bearing catheter tips at each end that are respectively inserted into an artery and a vein 
below the skin while the remaining tubing extends beyond the skin surface. This design is 
plagued by infection and clotting problems at the sites where the tubing passes through the 
skin surface. External shunts further pose an inconvenience to the patient because of the 

20 extra care that is required to avoid snagging the exposed tubing which could result in injury 
to the skin and to dislodging the device. 

Another method of vascular access utilizes a subcutaneous autologous 
arteriovenous fistula that is formed by suturing a native artery to a native vein to create a 
high volume of blood flow in the vein. Arterial pressure causes contiguous veins to dilate 

25 and provide sites for venipuncture. However, such a fistula may not be used for several 
weeks after formation because significant time is required for the walls of the dilated vein 
to thicken sufficiently. In addition, the required, repeated needle punctures eventually 
weaken and destroy the arterialized vein, which, to begin with, is subject to abnormal 
pressurization and is particularly susceptible to collapse. 
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As alternatives, expanded polytetrafluoroethylene (ePTFE) bridge grafts and dual 
lumen venous catheters have been developed. The ePTFE bridge graft creates a loop 
between an artery and a vein, by suturing one end of the graft to an artery and the other end 
to a vein, but this device is prone to complications such as thrombosis, infection, and 
5 infiltration of scar-forming cells. After insertion, the ePTFE graft must be allowed to 
mature or heal prior to needle puncture, because ePTFE grafts are highly porous. After 
sufficient healing, surrounding body tissues grow into the walls of the ePTFE graft to 
provide a limited ability to self-seal. This healing process takes approximately two weeks 
in most patients. Failure to allow the ePTFE graft to mature or heal often results in 

10 hematoma formation, false aneurysm, leaking of blood from the needle puncture site, 
and/or early fistula failure. Perhaps the most significant complication, though, is 
neointimal hyperplasia that often occurs near the venous anastomosis and eventually leads 
to thrombosis of the graft. 

With the dual lumen venous catheter, the catheter is percutaneously inserted into a 

15 central vein. Numerous complications occur with this method due to the lack of a 
continuous blood flow such as with the ePTFE bridge graft. These complications may 
include poor flow rates due to kinking or recurrent thrombosis secondary to stasis of blood 
in the lumen and build up of fibrinous debris at the venous end. Also, as with the external 
shunt described above, infection at the entry site at the skin may occur and extra care is 

20 required to avoid injury or dislodging the tubing. 

Shunt devices are also known that avoid percutaneous needle punctures by 
providing a skin level port with connections to an artery and a vein through ePTFE tubing. 
These devices, as above, present the risk of infection at the skin surface and require extra 
care. Also, discontinuities of the blood flow path often cause a buildup of clotted blood 

25 that may restrict or ultimately seal off the flow of blood therethrough, resulting in 
thrombosis. 

Accordingly, it would be desirable to provide a vascular access device having 
superior patency rates along with minimal complications in its use. The device would 
avoid skin surface infections, provide continuous, strong, blood flow rates to prevent 
30 thrombosis, and minimize damage to the vascular system and associated problems such as 
hyperplasia. Furthermore, the device would provide immediate, easy, needle access for 



2 
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long-term vascular access, which is required for various medical procedures such as 
hemodialysis and frequent blood draws. 

SUMMARY OF THE INVENTION 

5 

In accordance with the teachings of the present invention, a graft-catheter is 
provided. The graft-catheter provides an improved method of vascular access by 
eliminating many of the complications of prior art devices. The graft-catheter can be 
implanted subcutaneously thereby eliminating skin level infections. The device connects 

10 an artery to a vein providing continuous blood flow to help prevent thrombosis and 
avoiding venous anastomosis so as to prevent hyperplasia. The graft-catheter combines the 
beneficial qualities of both a graft and a catheter to achieve a superior vascular access 
device that allows immediate needle access for a variety of medical procedures. 

The vascular access device, for implantation at least partially below the outer skin 

15 of a patient, comprises a graft portion and a catheter portion both having tubular walls. The 
graft portion has a first end that is to be coupled to a first blood vessel and a second end 
that couples with a first end of the catheter portion. The second end of the catheter portion 
is inserted into a second blood vessel. The graft portion may further comprise a tapered 
portion that narrows in diameter to transition from a diameter of the graft portion to a 

20 diameter of the catheter portion. The catheter portion may further comprise a plurality of 
transverse holes in the tubular wall adjacent to the second end, with the second end being 
beveled for ease of insertion into the second blood vessel. The graft portion may further 
comprise at least one needle receiving port and the catheter portion may further comprise a 
dual lumen configuration. 

25 In a first embodiment of the present invention, the graft portion and the catheter 

portion are comprised of ePTFE and the catheter portion further comprises an outer coating 
of polyurethane. The graft portion may also comprise an outer polyurethane coating. The 
graft portion and the catheter portion may comprise a unitary construction of ePTFE and 
may further include an inner polyurethane coating. 

30 In a second embodiment of the present invention, the graft portion is comprised of 

ePTFE and the catheter portion is comprised of polyurethane. The graft portion may 
further comprise an outer polyurethane coating. The coupling of the graft portion to the 

3 
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catheter portion may comprise at least one of an injection-molded process, a sutured seam, 
and an adhesive bond. The graft portion and catheter portion may further comprise an 
inner polyurethanc coating. 

In a third embodiment of the present invention, the graft portion and the catheter 
portion are comprised of polyurethane. The coupling of the graft portion and the catheter 
portion may comprise at least one of a molding process, an adhesive bond, and a sutured 
seam. Alternatively, the graft portion and the catheter portion may comprise a unitary 
construction of polyurethane. 

For the various embodiments of the present invention, the polyurethane coating or 
polyurethane material may comprise at least one of a polyether, a polyester, and a 
polycarbonate, with a durometer value between 70A and 65 D. The polyurethane coating or 
polyurethane material may also comprise at least one of a surface modifying end group, a 
surface modifying macromolecule, an anti-coagulant agent, an ion beam implantation, a gas 
plasma treatment, a depth marking, a radiopaque strip, a radiopaque additive, an echogenic 
coating, and a hydrogel such as a polyvinylpyrrolodon, a polyethyleneglycol, and/or a 
polyethyleneoxide. 

A more complete understanding of the vascular access device will be afforded to 
those skilled in the art, as well as a realization of additional advantages and objects thereof, 
by a consideration of the following detailed description of the preferred embodiment. 
Reference will be made to the appended sheets of drawings that will first be described 
briefly. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a side sectional view in accordance with a first embodiment of the present 
invention; 

Fig. 2 is a side sectional view in accordance with a first embodiment of the present 
invention illustrating an interconnection between an artery and a vein; 

Fig. 3 is a side sectional view in accordance with a second embodiment of the 
present invention; 

Fig. 4 is a side sectional view in accordance with a third embodiment of the present 
invention; 
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Fig. 5 is a side sectional view in accordance with a fourth embodiment of the 
present invention; 

Fig. 6 is a side sectional view in accordance with a fifth embodiment of the present 
invention; 

5 Fig. 7 is a side sectional view in accordance with a sixth embodiment of the present 

invention; 

Fig. 8 is a side sectional view in accordance with a seventh embodiment of the 
present invention illustrating an interconnection between an artery and a vein; 

Fig. 9(a) is a side sectional view in accordance with an eighth embodiment of the 
1 0 present invention illustrating a dual lumen configuration; 

Fig. 9(b) illustrates the dual lumen configuration of Fig. 9(a) with the lumens 
separated; 

Fig. 10 is a side sectional view in accordance with a ninth embodiment of the 
present invention illustrating support devices; 
15 Fig. 11(a) is a side sectional view in accordance with a tenth embodiment of the 

present invention illustrating a first hole pattern; 

Fig. 1 1 (b) is a side sectional view in accordance with an eleventh embodiment of 
the present invention illustrating a second hole pattern; 

Fig. 12(a) is a side sectional view in accordance with a twelfth embodiment of the 
20 present invention illustrating a graft securement device; and 

Fig. 12(b) illustrates the graft securement device of Fig. 12(a) inserted into an 
artery; and 

Fig. 13 is a side sectional view in accordance with a thirteenth embodiment of the 
present invention illustrating catheter depth markings. 

25 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

The present invention satisfies the need for a graft-catheter device that provides an 
improved method for vascular access. In the detailed description that follows, it should be 
30 appreciated that like reference numerals are used to identify like elements illustrated in one 
or more of the figures. 



5 
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Referring first to Fig. 1, a side sectional view of a graft-catheter 10 in accordance 
with a first embodiment of the present invention is illustrated. The graft-catheter 10 has a 
graft section 12 and a catheter section 14 that is long and flexible. The graft section 12 
transitions to the catheter section 14 at a tapered region 16. The diameter of the graft 

5 section 12 and the catheter section 14 will vary depending upon the size of the patient and 
the corresponding artery and vein selected. As an example, the diameter of the graft 
section 12 may be 5-8 millimeters (mm), the tapered region 16 will taper in diameter over a 
short segment of the graft-catheter 10, and the diameter of the catheter section 14 may be 2- 
5 mm. The catheter section 14 may have a plurality of transverse holes 20 for optimal 

10 blood dispersion and a beveled end 22 for ease of insertion into a vein (not shown). The 
beveled end 22 and the plurality of transverse holes 20 allow blood to flow optimally 
through each and into the vein. 

The graft-catheter 10 may be made of ePTFE with the catheter section 14 dip- 
coated with a polyurethane outer coating 1 8. Alternatively, the entire graft-catheter 10 may 

15 be dip-coated to form a polyurethane outer coating over the ePTFE material. The graft- 
catheter 10 may be formed as one piece from the ePTFE material or as two pieces with the 
graft section 12 and the catheter section 14 joined by methods such as molding or suturing. 
The polyurethane outer coating 18 provides stiffness for the catheter section 14 that will be 
inserted into a vein, as discussed in further detail below. For example, the polyurethane 

20 coating or material for the various embodiments may be comprised of polyether, polyester, 
or polycarbonate and be either aromatic or aliphatic and have a durometer value ranging 
from 70A through 65D. The polyurethane outer coating 1 8 provides a degree of stiffness to 
the catheter section 14 without adding significantly to the diameter of the catheter section 
14 as the result would be if using materials such as silicone to achieve the same degree of 

25 stiffness. 

Fig. 2 illustrates a side sectional view in accordance with a first embodiment of the 
present invention of an interconnection between the arterial and venous systems. The graft- 
catheter 10 provides a subcutaneous connection between an artery 30 and a vein 32. 
Alternatively, if desired, a portion of the graft-catheter 10 may exit through the skin (not 
30 shown) to provide access to the graft-catheter 10 without having to insert needles through 
the skin in order to reach the graft-catheter 10. The graft section 12 may be sutured to an 
opening in the artery 30 at a graft end 34 and the catheter section 14 may be inserted into 



WO 00/76577 



PCT7US00/16623 



the vein 32 by various methods, as known in the art, such as the cutdown method or via an 
introducer, and the vein may be self-sealing around the catheter section 14 or it may be 
sutured to the vein. The catheter section 14 is inserted into the vein 32 so that it lies within 
the vein 32 with the plurality of transverse holes 20 downstream (as shown by a blood flow 

5 direction indicator 40) from the point in the vein 32 where the catheter section 14 enters. 
This helps to prevent complications such as neointimal hyperplasia and thrombosis. 

As an example, a first needle 36 and a second needle 38 may penetrate the skin (not 
shown) to gain access to the graft-catheter 10 by puncturing the graft section 12 or, 
alternatively, by entering a needle receiving port incorporated into the graft-catheter 10, as 

10 discussed in further detail below. The needles 36, 38 allow a complete blood circuit to and 
from the patient through the graft-catheter 10, with blood exiting through the first needle 
36, into, for example, a hemodialysis machine (not shown), and then returning to the graft- 
catheter 10 at a downstream position through the second needle 38, where it will then flow 
into the vein 32. As noted above, the graft section 12 may be comprised of ePTFE which 

15 would require maturing prior to puncturing by the needles 36, 38 or, alternatively, the graft 
section 12 may be coated with polyurethane, which would then allow immediate insertion 
of the needles due to the self-sealing qualities of polyurethane. 

Fig. 3 shows a side sectional view of a gTaft-catheter 50 in accordance with a 
second embodiment of the present invention. The graft-catheter 50, similar to the graft- 

20 catheter 10, has a graft section 52 and a catheter section 54, but a tapered region 56 tapers 
in a much more gradual fashion than the tapered region 16 of the graft-catheter 10. The 
more gradual transition from the graft section 52 to the catheter section 54 provides 
superior blood flow and improvements in the blood flow mechanics as the blood transitions 
through the graft-catheter 50 from an artery to a vein. As discussed above, the graft- 

25 catheter 50 may be comprised of ePTFE with a polyurethane coating 58 over the catheter 
section 54 (as shown) or, alternatively, the polyurethane coating 58 may completely coat 
the graft-catheter 50. Furthermore, the graft-catheter 50 may include an inner polyurethane 
coating (not shown) as discussed in further detail for certain of the following embodiments. 
Fig. 4 illustrates a side sectional view of a graft-catheter 70 in accordance with a 

30 third embodiment of the present invention. The graft-catheter 70 has a graft section 72 and 
a catheter section 74. The graft section 72 may be comprised of ePTFE and the catheter 
section 74 may be comprised of polyurethane. The graft section 72 may be joined to the 
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catheter section 74 in region 76 by an injection molded hub process, as known in the art. 
This eliminates having to coat the catheter section with polyurethane, as discussed above, 
but the graft section 72 may, if desired, be coated with polyurethane to provide stiffness 
and aid in sealing puncture sites. As an alternative to the injection molded hub process, the 
graft section 72 may be adhesive bonded or sutured to the catheter section 74 either prior to 
insertion in the patient or during a surgical procedure to insert the graft-catheter 70 or to 
replace one of its sections. 

Fig. 5 illustrates a side sectional view of a graft-catheter 80 in accordance with a 
fourth embodiment of the present invention. The graft-catheter 80, similar to the graft- 
catheter 70, has a graft section 82 and a catheter section 84. The graft section 82 may be 
comprised of ePTFE and the catheter section 84 may be comprised of polyurethane with 
the graft section 82 and the catheter section 84 joined in region 86 by an injection molded 
hub process. The internal surface of the graft-catheter 80 is molded or coated with an inner 
polyurethane coating 92 that is applied to the ePTFE 88 of the graft section 82 and the 
polyurethane material 90 of the catheter section 84. The inner polyurethane coating 92 
smoothes the inner surface of the graft-catheter 80, so that superior blood contact 
characteristics will be achieved, and provides the bloodstream with a surface that exhibits 
no change in surface chemistry throughout the length of the graft-catheter 80. The inner 
polyurethane coating 92 may be utilized in any of the embodiments, for example with the 
first embodiment discussed above. 

In addition, the inner polyurethane coating 92 will help seal the graft section 82 
after puncture by a needle so that the graft-catheter 80 allows needle access immediately 
after insertion into a patient. As discussed above, most grafts require a maturation period 
during which cell or protein deposition on the internal surfaces of the graft occurs along 
with tissue in-growth on the external surfaces. In combination, the protein deposition and 
cellular in-growth allows the graft material to quickly seal after needle puncture. The inner 
polyurethane coating 92 allows needle access to the graft section 82 immediately after 
insertion of the device into a patient because the inner polyurethane coating 92 seals the 
inner lumen access point instantly after removal of the needle. Because the outside of the 
graft section 82 is not coated, normal tissue in-growth can take place. This increases the 
stability of the graft-catheter 80 in the tissue and assists in anchoring the graft-catheter 80. 
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Fig. 6 illustrates a side sectional view of a graft-catheter 100 in accordance with a 
fifth embodiment of the present invention. The graft-catheter 100 has a graft section 102 
and a catheter section 104. The graft-catheter 100 may be comprised of polyurethane with 
the graft section 102 and the catheter section 104 joined at a joint 106 by processes, as 
known in the art, such as simultaneous molding or adhesive bonding. Alternatively, the 
graft-catheter 100 may be formed from polyurethane as a single piece with no joints in the 
transition from the graft section 102 to the catheter section 104. The transition between the 
graft section 102 and the catheter section 104 may vary from a sharp taper, as shown in Fig. 
1, to a long gradual taper, as shown in Fig. 3. By having the entire graft-catheter 100 made 
of polyurethane, superior flow dynamics may be achieved in comparison to other materials 
such as ePTFE or silicone rubber, and the joint 106 will be smooth and strong. By making 
the graft section 102 of polyurethane, there is no need to wait for healing or a maturing 
process to take place, as with ePTFE, prior to puncturing the graft section 102 with a 
needle. In addition, the exact characteristics of polyurethane, as discussed above, may vary 
between the graft section 102 and the catheter section 104 so that the optimal 
characteristics for each section can be provided. 

Polyurethane has the additional advantage of being modifiable by various methods 
that enhance its surface characteristics. These methods may include a surface modifying 
end group (SME), surface modifying macromolecule (SMR), treatment with anti-coagulant 
agents such as heparin, and other polyurethane modification techniques such as ion beam 
implantation, gas plasma treatment, or coating with a hydrogel such as 
polyvinylpyrrolidone (PVP), polyethyleneglycol (PEG), and/or a polyethyleneoxide (PEO), 
as is known in the art. These methods will improve compatibility and blood flow and help 
to prevent thrombosis and hyperplasia. 

Fig. 7 illustrates a side sectional view of a graft-catheter 120 in accordance with a 
sixth embodiment of the present invention. The graft-catheter 120 has a graft section 122 
and a catheter section 124. Between the graft section 122 and the catheter section 124, 
there are two needle-receiving ports 126, 128 for insertion of needles. The needle receiving 
ports 126, 128 are coupled by a coupling section 130. Alternatively, there may be only one 
needle receiving site with two separate needle access points or ports. The graft-catheter 
120 may incorporate features from the various embodiments discussed above. For 
example, the materials utilized may comprise ePTFE, polyurethane, or some combination 
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thereof, that may include a polyurethane coating, for the graft section 122, the coupling 
section 130, and the catheter section 124. With the presence of the needle receiving ports 
126, 128, the graft-catheter 120 may be used without delay for healing, even if the graft 
section 122 is made of ePTFE, because the needles will penetrate the self-sealing needle 

5 receiving ports 126, 128 rather than the ePTFE material. 

Fig. 8 illustrates a side sectional view of a graft-catheter 140, in accordance with a 
seventh embodiment of the present invention, showing an interconnection between the 
arterial and venous systems. The graft-catheter 140 provides a subcutaneous connection 
between an artery 142 and a vein 144, but could provide an interconnection between any 

10 two vascular points. The graft-catheter 140 may utilize various aspects of the embodiments 
discussed above, such as needle receiving ports, various materials, coatings, or processes. 
A graft section 146 may be sutured to an opening in the artery 142 at a graft end 148 and a 
catheter section 150 may be inserted into the vein 144 by various methods such as by the 
cutdown method or Seldinger technique. The graft section 146 may be angled to the artery 

15 142, towards the direction of blood flow as indicated by a blood flow direction indicator 
152, so as to improve blood flow within the graft-catheter 140. The catheter section 150 is 
inserted into the vein 144 so that it lies within the vein 144 with a catheter section end 154 
having a plurality of transverse holes located downstream (as shown by a blood flow 
direction indicator 156) from the opening in the vein 144 through which the catheter 

20 section 1 50 entered the vein 144. 

Additionally, as noted above, a portion 162 of the graft-catheter 140 may reside 
external to a skin surface 160 to provide access to the graft-catheter 140 without having to 
penetrate the skin or body with needles. The portion 162 may comprise a portion of the 
graft section 146 or the catheter section 150 and may further comprise a port for needle 

25 access, as discussed above, or a hub attachment site or other types of connectors for ease of 
use and access. 

The portion of the catheter section 150 within the vein 144 may be secured by 
various securement devices, as known in the art, such as a venous cuff 1 58. The venous 
cuff 158 also aids in sealing the vein around the catheter section 150, with the option of 
30 also suturing the catheter section 150 to the vein 144. In addition, the portion 162 may be 
secured at the body surface 160 with a cuff 164. The cuff 164 may be comprised of a 
material such as polyester. The graft-catheter 140 may be further secured with a movable 

10 
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internal suture wing 166 that is sutured to the internal subcutaneous tissues (not shown). 
This minimizes movement and resists the tendency of the graft-catheter 140 to slide out of 
the artery 142 (if attached without an anastomosis) or the vein 144. The internal suture 
wing may be comprised of polyurethane or silicone rubber. 
5 Fig. 9(a) is a side sectional view of a graft-catheter 180, in accordance with an 

eighth embodiment of the present invention, illustrating a dual lumen configuration. The 
graft-catheter 180 has a graft portion 182 and a catheter portion 184, with the catheter 
portion 1 84 comprised of a dual lumen configuration having a first lumen 1 86 and a second 
lumen 188. This allows the catheter portion 184 to be placed in two veins simultaneously, 

10 which reduces arterial flow to each vein as well as arterial pressurization in the vein. This 
results in less trauma to the vein's intima and wall. As shown in Fig. 9(b), the catheter 
portion 184 could also be split so that the first lumen 186 and the second lumen 188 are 
separated as shown. This simulates the Ash Split Catheter, as known in the art, which may 
provide an increase in patency to the graft-catheter 180. 

15 Fig. 10 is a side sectional view of a portion of a graft-catheter 200, in accordance 

with a ninth embodiment of the present invention, illustrating various types of support 
devices. These support devices may be added to any portion of the graft-catheter 200 to 
provide rigidity or structural integrity while preventing excessive bending, kinking, 
crushing, or twisting. The support devices may comprise a circular support 202, a 

20 longitudinal spline 204, a spiral wrap 206, or some combination of the support devices. 
Alternatively, additional layers or coatings of polyurethane may be added at stress points. 

Fig. 1 1(a) shows a side sectional view, of a catheter portion 210, in accordance with 
a tenth embodiment of the present invention. The catheter portion 210 illustrates a first 
hole pattern 212 near an end 214 of the catheter portion 210. As discussed above, a 

25 plurality of transverse holes may be provided near the end of the catheter for optimal blood 
flow and dispersion, with a portion of the blood flowing through the transverse holes. The 
first hole pattern 212, for catheter portion 210, has a circular hole pattern. The number of 
holes may vary as well as the specific column or row alignment and whether the pattern 
continues around the entire circumference of the catheter portion 210 or only some portion 

30 of the entire circumference. 

Fig. 1 1(b) shows a side sectional view, of a catheter portion 220, in accordance with 
an eleventh embodiment of the present invention. The catheter portion 220 illustrates a 

11 
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second hole pattern 222 near an end 224 of the catheter portion 220. The second hole 
pattern 222 is a spiral pattern. As above for Fig. 1 la, the number of holes may vary as well 
as the specific pattern and configuration. Fig. 11a and Fig. 1 lb are examples of the types 
of hole patterns, but it should be understood that many other patterns may be utilized and 
5 the present invention is not limited by these examples. For example, the hole pattern may 
comprise a random pattern, staggered, offset, or some variation of the above. In addition, 
holes may be round, oval, square, triangular, or some other geometric shape. 

The lumen shape of the graft-catheter for the various embodiments may also vary. 
For example, the lumen configuration may be oval, round, hexagonal, or square. 

10 Furthermore, the end of the catheter portion or tip may be blunt, staggered, or beveled, as 
discussed above, to aid in its insertion into a vein. 

Fig. 12(a) shows a side sectional view of a graft portion 230, in accordance with a 
twelfth embodiment of the present invention. The graft portion 230 may be inserted into an 
artery via a sheath method; thus no cut down or anastomosis is necessary. The graft 

15 portion 230 has a retaining ring 232, but could be replaced by or include a cuff, as 
discussed above, that when inserted into an artery 236, as illustrated in Fig. 12(b), will 
secure the graft portion 230 within the artery 236. The graft portion 230 may also comprise 
an internalized or externalized stent 234 to provide strength so as to prevent the graft 
portion 230 from being crushed by the artery 236. Therefore, the procedure may take place 

20 via an introducer and split sheath method, as known in the art. As shown in Fig. 12(a), the 
retaining ring 232 would be folded down when placed through a sheath, prior to insertion 
into the artery 236. As shown in Fig. 12(b), after insertion into the artery 236, the retaining 
ring 232 would extend to secure the graft portion 230 in the artery 236. The graft portion 
230 may also be angled as shown towards the direction of blood flow as indicated by a 

25 blood flow direction indicator 238. 

Fig. 13 shows a side sectional view of a catheter portion 250, in accordance with a 
thirteenth embodiment of the present invention. The catheter portion 250 illustrates a series 
of depth markings 252 beginning at a catheter portion end 254. The depth markings 252 
make it possible for a physician to insert the catheter portion 250 into a vein (not shown), 

30 while being able to easily monitor the depth of penetration into the vein. The catheter 
portion 250 could also include a radiopaque strip to provide improved x-ray visualization. 
Alternatively, for the various embodiments discussed, the entire graft-catheter or some 
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portion may include a radiopaque strip or coated with a radiopaque polyurethane outer or 
inner coating. The graft or catheter portion could also include an echogenic coating, 
thereby allowing a physician to visualize and access the preferred portion of the graft- 
catheter using ultrasound. 

Having thus described a preferred embodiment of the graft-catheter, it should be 
apparent to those skilled in the art that certain advantages of the within system have been 
achieved. It should also be appreciated that various modifications, adaptations, and 
alternative embodiments thereof may be made within the scope and spirit of the present 
invention. For example, a graft-catheter has been illustrated to show an embodiment of the 
present invention, but it should be apparent that the inventive concepts described above 
would be equally applicable to a graft or catheter, as known in the art. The invention is 
further defined by the following claims. 
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CLAIMS 

What is claimed is: 

1. A vascular access device for implantation at least partially below skin level, 
5 said device comprising: 

a graft portion having a first tubular wall and first and second opposing ends, said 

first opposing end to be coupled to a first blood vessel; 
a catheter portion having a second tubular wall and first and second opposing ends, 
said first opposing end coupled to said second opposing end of said graft 
10 portion, said second opposing end to be inserted into a second blood vessel 

with said second opposing end downstream from a point of entry in said 
second blood vessel; and 
wherein said graft portion and said catheter portion comprises ePTFE, and said 
catheter portion further comprises an outer polyurethane coating. 
15 2. The device of Claim 1, wherein said graft portion further comprises a 

tapered portion adjacent to said second opposing end, said tapered portion narrowing in 
diameter to transition from a diameter of said first tubular wall to a diameter of said second 
tubular wall. 

3. The device of Claim 1, wherein a diameter of said first tubular wall is 
20 between 5 and 8 mm and a diameter of said second tubular wall is between 2 and 5 mm. 

4. The device of Claim 1, wherein said catheter portion further comprises a 
plurality of transverse holes in said second tubular wall adjacent to the second opposing 
end, said second opposing end further being beveled for ease of insertion. 

5. The device of Claim 1, wherein said outer polyurethane coating further 
25 comprises at least one of a polyether, a polyester, and a polycarbonate and has a durometer 

value between 70A and 65 D. 

6. The device of Claim 1, wherein said outer polyurethane coating further 
comprises at least one of a surface modifying end group, a surface modifying 
macromolecule, an anti-coagulant agent, an ion beam implantation, a gas plasma treatment, 

30 a depth marking, a radiopaque strip, a radiopaque additive, an echogenic coating, and a 
hydrogel. 
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7. The device of Claim 6, wherein said hydrogel is selected from the group 
consisting of polyvinylpyrrolidone, polyethyleneglycol, and polyethyleneoxide. 

8. The device of Claim 1, wherein said graft portion further comprises at least 
one needle receiving port. 

9. The device of Claim 1 , wherein said graft portion further comprises an outer 
polyurethane coating for said graft portion and for said catheter portion. 

1 0. The device of Claim 1 , further comprising an inner polyurethane coating. 

1 1 . The device of Claim 1 , further comprising a venous cuff for insertion into 
said second blood vessel, said venous cuff disposed around said catheter portion for sealing 
said second blood vessel and securing the second opposing end of said catheter portion 
within said second blood vessel. 

12. The device of Claim 1 , further comprising a retaining ring for insertion into 
said first blood vessel, said retaining ring disposed around said graft portion for sealing said 
first blood vessel and securing the first opposing end of said graft portion within said first 
blood vessel. 

13. The device of Claim 1, further comprising at least one of a spiral wrapping, 
a plurality of rings, a longitudinal spline, and at least one outer coating of polyurethane to 
provide strength. 

14. The device of Claim 1, wherein said graft portion and said catheter portion 
further comprise a unitary construction. 

15. The device of Claim 1, wherein said catheter portion further comprises a 
dual lumen configuration. 

16. A vascular access device for implantation at least partially below skin 
surface, said device comprising: 

a graft portion having a first tubular wall and first and second opposing ends, said 
first opposing end to be coupled to a first blood vessel; 

a catheter portion having a second tubular wall and first and second opposing ends, 
said first opposing end coupled to said second opposing end of said graft 
portion, said second opposing end to be inserted into a second blood vessel 
with said second opposing end downstream from a point of entry into said 
second blood vessel; and 
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wherein said graft portion is comprised of ePTFE and said catheter portion is 

comprised of polyurethane. 
17. The device of Claim 16, wherein said graft portion further comprises an 
outer polyurethane coating. 
5 18. The device of Claim 16, wherein said coupling of the first opposing end of 

said catheter portion to the second opposing end of said graft portion comprises at least one 
of an injection molded hub process, a suture, and an adhesive bond. 

19. The device of Claim 16, wherein said graft portion further comprises a 
tapered portion adjacent to said second opposing end, said tapered portion narrowing in 

10 diameter to transition from a diameter of said first tubular wall to a diameter of said second 
tubular wall. 

20. The device of Claim 16, further comprising an inner polyurethane coating 
for said graft portion and for said catheter portion. 

21. The device of Claim 20, wherein said inner polyurethane coating further 
1 5 comprises at least one of a polyether, a polyester, and a polycarbonate and has a durometer 

value between 70A and 65D. 

22. The device of Claim 20, wherein said inner polyurethane coating further 
comprises at least one of a surface modifying end group, a surface modifying 
macromolecule, an anti -coagulant agent, an ion beam implantation, a gas plasma treatment, 

20 a radiopaque strip, a radiopaque additive, an echogcnic coating, and a hydrogel. 

23. The device of Claim 22, wherein said hydrogel is selected from a group 
consisting of polyvinylpyrrolidone, polyethyleneglycol, and polyethyleneoxide. 

24. The device of Claim 16, wherein said catheter portion further comprises a 
plurality of transverse holes in said second tubular wall adjacent to said second opposing 

25 end and having a series of depth markings, said second opposing end further being beveled 
for ease of insertion. 

25. The device of Claim 1 6, wherein said graft portion further comprises at least 
one needle receiving port. 

26. The device of Claim 1 6, further comprising at least one of a spiral wrapping, 
30 a plurality of rings, a longitudinal spline, and at least one outer coating of polyurethane to 

provide strength. 
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27. The device of Claim 16, wherein said catheter portion further comprises a 
dual lumen configuration. 

28. A vascular access device for implantation at least partially below skin level, 
said device comprising: 

5 a graft portion having a first tubular wall and first and second opposing ends, said 

first opposing end to be coupled to a first blood vessel; 
a catheter portion having a second tubular wall and first and second opposing ends, 
said first opposing end coupled to said second opposing end of said graft 
portion, said second opposing end to be inserted into a second blood vessel 
1 0 with said second opposing end downstream from a point of entry into said 

second blood vessel; and 
wherein said graft portion and said catheter portion are comprised of polyurethane. 

29. The device of Claim 28, wherein said coupling of the first opposing end of 
said catheter portion to said second opposing end of said graft portion comprises at least 

1 5 one of a molding process, an adhesive bond, and a suture. 

30. The device of Claim 28, wherein said graft portion and said catheter portion 
further comprise a unitary construction. 

31. The device of Claim 28, wherein said graft portion further comprises a 
tapered portion adjacent to said second opposing end, said tapered portion narrowing in 

20 diameter to transition from a diameter of said first tubular wall to a diameter of said second 
tubular wall. 

32. The device of Claim 28, wherein said catheter portion further comprises a 
plurality of transverse holes in said second tubular wall adjacent to said second opposing 
end. said second opposing end further being beveled for ease of insertion. 

25 33. The device of Claim 28, wherein said polyurethane further comprises at 

least one of a polyether, a polyester, and a polycarbonate and has a durometer value 

between 70A and 65D. 

34. The device of Claim 28, wherein said polyurethane further comprises at 

least one of a surface modifying end group, a surface modifying macromolecule, an anti- 
30 coagulant agent, an ion beam implantation, a gas plasma treatment, a depth marking, a 

radiopaque strip, a radiopaque additive, an echogenic coating, and a hydro gel. 
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35. The device of Claim 34, wherein said hydrogel is selected from the group 
consisting of polyvinylpyrrolidone, polyethyleneglycol, and polyethyleneoxide. 

36. The device of Claim 28, wherein said graft portion further comprises at least 
one needle receiving port. 

5 37. The device of Claim 28, further comprising a venous cuff for insertion into 

said second blood vessel, said venous cuff disposed around said catheter portion for sealing 
said second blood vessel and securing the second opposing end of said catheter portion 
within said second blood vessel. 

38. The device of Claim 28, further comprising a retaining ring for insertion into 
10 said first blood vessel, said retaining ring disposed around said graft portion for sealing said 

first blood vessel and securing the first opposing end of said graft portion within said first 
blood vessel. 

39. The device of Claim 28, further comprising at least one of a spiral wrapping, 
a plurality of rings, a longitudinal spline, and at least one outer coating of polyurethane to 

15 provide strength. 

40. The device of Claim 28, wherein said catheter portion further comprises a 
dual lumen configuration. 

41 . The device of Claim 28, further comprising at least one suture wing adapted 
to secure said device and prevent movement. 

20 
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